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[Abstract]

PROBLEM TO BE SOLVED: To prevent bubbling when liquid crystal is dropped in a
liquid crystal filling process and to prevent the mix of the bubbles and contamination
in a vacuum chamber.

SOLUTION: A liquid crystal container 90 is filled with liquid crystal 71 which has
been degassed and not touched with air. Thus, a gas component is hardly included
in liquid crystal 71 in the liquid crystal container 90. Gas is fed to an outer container
72 after the inner part of the vacuum chamber 101 is made in a vacuum state, the
liquid crystal container 90 is deformed and liquid crystal in the liquid crystal
container 90 is discharged. Liquid crystal 77 dropped from a nozzle 76 is filled into
the cell of the liquid crystal device 92 from a liquid crystal injection port 78. Since

liquid crystal 71 in the liquid crystal container 90 is not exposed to air when



discharging liquid crystal, only a little gas component is included in the dropped
liquid crystal 71, and the mix of the bubbles into the cell and contamination in the

vacuum chamber can be prevented.
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[Claim(s)]

[Claim 1] A liquid crystal injection apparatus comprising a liquid crystal vessel
filled with a defoamed liquid crystal by a liquid crystal filling means without an air
contact, an internal volume changing means for changing the internal volume of the
liquid crystal vessel, a vaccum means for making the inside of a cell and its
surroundings of the liquid crystal apparatus received in the chamber into vaccum

ambient, and a liquid crystal supplying means for dropping the liquid crystal

supplied from the liquid crystal vessel into the vicinity of a liquid crystal injection

port of the liquid crstal apparatus formed in vaccum state by the vaccum means

and closing the liquid crystal injection port by the liquid crystal.

[Claim 2] The liquid crystal injection apparatus of claim 1 characterized by the
liquid crystal filling means which fills the defoamed liquid crystal into the liquid

crystal vessel under the vaccum ambient.

[Claim 3] The liquid crystal injection apparatus of claim 2 characterized by, the
liquid crystal filling means fills the defoamed liquid crystal into the liquid crystal
vessel under the vaccum ambient of vaccum degree higher than that under the

vaccum ambient by the vaccum means.
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[Claim 4] The liquid crystal injection apparatus of claim 1 characterized by the
liquid crystal filling means which fills the defoamed liquid crystal into the liquid

crystal vessel by dipping the liquid crystal vessel into it.

[Claim 5] The liquid crystal injection apparatus of claim 1 characterized by the
liquid crystal filling means which fills the defoamed liquid crystal into the liquid
crystal vessel without contacting the liquid crystal with the air within the liquid

crystal vessel, under pressure lower than atmosphere pressure.

[Claim 6] The liquid crystal injection apparatus of claim 1 characterized by the
liquid crystal vessel, which is a flexible pack, and the internal volume changing

means, which comprises a physical means for deforming the flexible pack.

[Claim 7] The liquid crystal injection apparatus of claim 6 characterized by the
internal volume changing means which comprises a rigid external vessel receiving
the flexing pack and deforms the flexible pack with gas pressure produced by

sucking gas into the external vessel.

[Claim 8] A liquid crystal injection method comprising the steps of filling a
defoamed liquid crystal into a liquid crystal vessel without an air contact, making the
inside of a cell and its surroundings of the liquid crystal apparatus received in the

chamber into vaccum ambient, changing the internal volume of the liquid crystal



vessel, supplying the liquid crystal for dropping the liquid cryst}al discharged from
the liquid crystal vessel into the vicinity of a liquid crystal injection port of the liquid
crstal apparatus formed in vaccum state by changing the internal volume of the
liquid crystal vessel and for closing the liquid crystal injection port by the liquid
crystal, and injecting the liquid crystal dropped into the vicinity of the liquid crystal
injection port into the cell of the liquid crystal apparatus by releasing the vaccum

state within the chamber.
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[Title of the Invention]

LIQUID CRYSTAL INJECTION APPARATUS AND LIQUID CRYSTAL INJECTION

METHOD

[Detailed Description of the Invention]

[Field of the Invention]

The invention relates to a liquid crystal injection apparatus and a liquid
crystal injection method for injecting the crystal liquid into the liquid crystal

apparatus.

[Description of the Prior Art]

A liquid crystal apparatus such as a liquid crystal light valve, etc. is
constituted to seal the liquid crystal between two sheets of substrates such as a
glass substrate, a quartz substrate, and the like. In the liquid crystal light valve, it is
possible to display an image by arranging, for example, a thin film transistor
(hereinafter referred to as TFT) in the form of a matrix on one side of the substrate,
arranging oppsing electrodes on the one side of the substrate, varing an optical
characteristic of the liquid crystal sealed between both substrates depending on an

image signal.

TFT substrate arranged with the TFT and an opposing substrate are
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manufactured separately. In a panel assembling process, both substrates are

junctioned with a high precision and then the liquid crystal is sealed-in.

In other words, in the panel assembling process for the TFT substrate and
the oppsing substrate, respectively, manufactured through each of the substrate
process, it first forms an alignment layer into the oppsing surfaces and practices a
rubbing process. Subsequently, a real part which becomes adhesives in other
places than a display area on the one side of the substrate is formed. The TFT
substrate and the opposing substrate are junctioned by using the real part and the
alignment layer is pressed and cured against the maxtix. A portion of the real part is
mounted with notches constituting a liquid crystal injection port and thus, seals the

liquid crystal between the notches.

Fig. 8 is an explanation diagram for showing a conventional liquid crystal

injection apparatus used for sealing-in the liquid crystal.

A liquid crystal panel 2 which includes the TFT substrate and the opposing
substrate adhered by the real part not shown is arranged in a vaccum chamber
101. On the other hand, a vessel 103 outside the vaccum chamber 101 is filled with
the liquid crystal 104. After arranging the liquid crystal panel 102 in the vaccum
chamber 101, the vaccum chamber is ventilated and thus, becomes vaccum state.

Therefore, a gap (in a cell) between the TFT substrate and the opposing substrate
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becomes vaccum state.

The liquid crystal 104 within the vessel 103 draws into the vaccum chamber
101 via a nozzle 105 by pressing the liquid crystal 104 within the vessel 103 from
the surface using gas pressure of N; (nitrogen) gas. The liquid crystal 104 is
dropped to close the notch portion of the real part which adheres between the TFT

substrate and the oppsing substrate within the vaccum chamber.

Subsequently, using a differential pressure produced by supplying air into
the vaccum chamber 101 to return the pressure therein into atmosphere pressure,
the liquid crystal 104 is injected into the cell from the notch portion. When the seal-
in of the liquid crystal 104 is completed, the notch portion is sealed by the

adhesives.

However, it is required to uniformly seal th(_a liquid crystal into a gap (into a
cell) of several microns between two sheets of substrates in a liquid crystal injection
process. For this reason, the liquid crystal is uniformly sealed-in between the
substrates by arranging the liquid crystal panel into the chamber of the vaccum
state and supplying air into the chamber after dropping the liquid crystal into the
vaccum chamber from the vessel outside the vaccum chamber, as described

above.

However, there are often gas components in the liquid crystal within the
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vessel. By pressing the liquid crystal with the gas pressure to send it to the vaccum
chamber, the mixing amount of the gas components with the liquid crystal is easy to
become relatively large. if the liquid crystal including the gas components is
dropped into the vaccum chamber, the gas components included in the liquid
crystal become foams and is vaporized. In case that the size of the foams is small,
the foams along with the liquid crystal is sealed into the liquid crystal (into the cell).
Therefore, the problem such as display degradation, etc. is generated where there
are foams. Particularly, the effect of the display degradation is large in a projector

enlarging and projecting an image through the liquid crystal panel.

Furthermore, due to the vaporization of the gas components, the foamé are
generated when dropping the liquid crystal into the vaccum chamber. Morever,
when the foams are collapsed, the liquid crystal is scattered to contaminate inside
the vaccum chamber. Since the inside of the vaccum chamber is contaminated, it

has a problem that the manufacturing yield is reduced.

The invention is constituted considering such problems. It is an object of the
invention to provide a liquid crystal injection apparatus and a liquid crystal method
that can prevent the generation of the foams in the liquid crystal panel by
preventing mixing the gas components with the liquid crystal when sending the

liquid crystal into the vaccum chamber.
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It is another object of the invention to provide a liquid crystal injection
apparatus and a liquid crystal method that can prevent the inside of the liquid
crystal from being contaminated by preventing mixing the gas components with the

liquid crystal when sending the liquid crystal into the vaccum chamber.

[Means for Solving the Problem]

The liquid crystal injection apparatus of the invention is characterized in tha
it comprises a liquid crystal vessel filled with a defoamed liquid crystal by a liquid
crystal filling means without contacting it with air, an internal volume changing
means for changing the internal volume of the liquid crystal vessel, a vaccum
means for making the inside of a cell and its circumference of the liquid crystal
apparatus received in the chamber into vaccum ambient, and a liquid crystal
sUppIying_ means for dropping the liquid crystal supplied from the liquid crystal
vessel into the vicinity of a liquid crystal injection port of the liquid crstal apparatus
formed in vaccum state by the vaccum means and closing the liquid crystal

injection port by the liquid crystal.

In the present invention, the liquid crystal vessel is filled with the defoamed
liquid crystal by the liquid crystal filling means without contacting it with air. The
inside of the cell and its circumference and the vicinity of a liquid crystal injection

port in the liquid crystal apparatus becomes a vaccum by the vaccum means. The

10
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internal volume changing means changes the internal volume of the liquid crystal
vessel so that the liquid crystal supplying means drops the liquid crystal discharged
from the liquid crystal vesse! into the vicinity of the liquid crystal injection port. In
this state, the liquid crystal is injected into the cell of the liquid crystal apparatus by
returning the pressure of the vicinity of the liquid crystal injection port into
atmosphere pressure, for example. The liquid crystal vessel is filled with the liquid
crystal by the liquid crystal filling means without contacting it with air and the liquid
crystal filled in the liquid crystal vessel is discharged by changing the internal
volume of the liquid crystal vessel, thereby preventing mixing the gas components
with the defoamed liquid crystal. This can prevent the generation of the foams when
dropping the liquid crystal, so that the seal of the foam components into the cell of
the liquid crystal, the contamination of the vaccum means producing the vaccum
ambient, for example, the vaccum chamber, etc. and the reduction of the

maunufacturing yield can be prevented.

Furthermore, the invention is characterized in that the liquid crystal filling
means fills the defoamed liquid crystal into the liquid crystal vessel under the

vaccum ambient.

According to this constitution, the liquid crystal vessel can be filled with the

liquid crystal without completely contacting the liquid crystal with the air.

11
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Moreover, the invention is characterized in that the liquid crystal filling
means fills the defoamed liquid crystal into the liquid crystal vessel under the
vaccum ambient of vaccum degree higher than that under the vaccum ambient by

the vaccum means.

According to this constitution, the liquid crystal filling means fills the
defoamed liquid crystal into the liquid crystal vessel under the vaccum ambient of
vaccum d‘egree higher than that under the vaccum ambient by the vaccum means,
so that the liquid crystal can be completely defoamed to prevent the generation of

the foams by the gas components when dropping the liquid crystal.

Furthermore, the invention is characterized in that the liquid crystai filling
means fills the defoamed liquid crystal into the liquid crystal vessel by dipping the

liquid crystal vessel into it.

According to this constitution, the liquid crystal vessel can be filled with the

liquid crystal without completely contacting the liquid crystal with the air.

Moreover, the invention is characterized in that the liquid crystal filling
means fills the defoamed liquid crystal into the liquid crystal vessel without
contacting the liquid crystal with the air within the liquid crystal vessel, under

pressure lower than the atmosphere pressure.

According to this constitution, the vessel is filled with the sufficiently

12
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defoamed liquid crystal to prevent the gas components from being mixed with the

liquid crystal, until the liquid crystal is discharged.

Furthermore, the invention is characterized in that the liquid crystal vessel is
a flexible pack and the internal volume changing means comprises a physical

means for deforming the flexible pack.

According to this constitution, the liquid crystal can be discharged without
contacting the liquid crystal within the liquid crystal vessel with the air by deforming

the fiexible pack using the physical means.

Moreover, the invention is characterized in that the internal volume
changing means comprises a rigid external vessel receiving the flexing pack and
deforms the flexible pack with gas pressure produced by sucking gas into the

external vessel.

According to this constitution, the liquid crystal can be discharged without

contacting the liquid crystal within the liquid crystal vessel with the air.

Furthermore, The invention is characterized in tha it includes the steps of
filling a defoamed liquid crystal into a liquid crystal vessel without contacting it with
air, making the inside of a cell and its circumference of the liquid crystal apparatus
received in the chamber into vaccum ambient, changing the internal volume of the

liquid crystal vessel, supplying the liquid crystal for dropping the liquid crystal

13
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discharged from the liquid crystal vessel into the vicinity of a liquid crystal injection
port of the liquid crstal apparatus formed in vaccum state by changing the internal
volume of the liquid crystal vessel and for closing the liquid crystal injection port by
the liquid crystal, and injecting the liquid crystal dropped into the vicinity of the liquid
crystal injection port into the cell of the liquid crystal apparatus by releasing the

vaccum state within the chamber.

According to this constitution, the liquid crystal vessel is filled with the
defoamed liquid crystal without contacting it with air. Therefore, the gas
components included in the liquid crystal in the liquid crystal vessel are extremely
low. After making the inside- of the cell and its circumference of the liquid crystal
apparatus into vaccum ambient, the liquid crystal in the liquid crystal vessel is
discharged by changing the internal volume of the liquid crystal vessel. The gas
components prevent mixing with the liquid crystal in the liquid crystal discharing
process by changing the internal volume of the liquid crystal vessel to discharge the
liquid crystal. Subsequently, the liquid crystal discharged from the liquid crystal
vessel is dropped into the vicinity of the liquid crystal injection port of the liquid
crystal apparatus formed in vaccum state. Then, by pressing the circumference of
the liquid crystal apparatus, the liquid crystal dropped into the vicinity of the liquid
crystal injection port is injected into the cell. From the defoamation process of the

liquid crystal to the injection process of the liquid crystal, the gas components are

14
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not mixed with the liquid crystal, and thus, it can be prevent the mixing-in of the
foams and the contamination of the apparatus is not contaminated by the

generation of the foams when dropping the liquid crystal.

[Embodiment of the Invention]

The embodiments of the invention will be in detail described below with
reference to drawings. Fig. 1 is an explanation diagram for showing one
embodiment of a liquid crystal injection apparatus of the invention. Fig. 2 is an
equivalent circuit diagram of different elements, wiring, etc. in a plurality of pixels
forming a pixel area of the liquid crystal apparatus. Fig. 3 is a plan diagram for
showing an element substrate such as TFT substrate, etc. along with each of the
components formed thereon. Fig. 4 is a cross section diagram taken along the line
H-H' in Fig. 3 about the liquid crystal apparatus after completing an assembling
process which junctions an element substrate to an opposing substrate and seals-
in the liquid crystal. Also, Fig. 5 is a cross section diagram for showing the liquid

crystal apparatus in detail.

The present embodiment describes an example employing a liquid crystal
display apparatus using an element substrate such as TFT substrate, etc. as a
liquid crystal apparatus performing a liquid crystal injection. The present

embodiment fills a sufficiently defoamed liquid crystal into a flexible pack and

15
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deforms the flexible pack to supply the liquid crystal into a vaccum chamber.

Firstly, the liquid crystal is described referring to Fig.2 to Fig.5.

As shown in Fig. 2, a plurality of scan lines 3a are wired to be crossed with
a plurality of data lines 6a in the pixel area and a pixel electrode 9a in an area
partitioned into the scan lines 3a and the data lines 6a is arranged on a matrix. TFT
30 is arranged in each cross portion of the scan lines 3a and the data lines 6a to
connect the pixel electrode 9a forming a liquid crystal capacity with the TFT 30.
Therefore, an image signal supplied to the data lines 6a is supplied to the pixel
electrode 9a based on ON signal of the scan lines 3a. Furthermore, a storage
capacity 70 is arranged in parallel with the pixel electrode 9a, so that a voltage of
the pixel electrod 9a, for example, is held only 3 hours longer than time a source
voltage is applied by the storage capacity 70. Therefore, a holding property is more

improved to display an image in a high contrast ratio.

Fig. 5 is a schematic cross section diagram of the liquid crystal apparatus

interested in the pixel.

The element substrate 10 such as a glass or a quartz, etc. is arranged with
the TFT 30. The TFT 30 is arranged with the scan lines 3a which forms a gate
electrode between thin insulation layers 3 in a semiconductor layer, with the

semiconductor layer being formed with a channel area 1a, a source area 1d, and a

16
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drain area 1e. On the TFT 30 is stacked the data lines 6a in between first interlayer
insulation layers 4 to connect to the source area 1a in between contact holes 5. On
the data lines is stacked the pixel electrode 9a in between second interlayer
insulation layers 7 to connect to the drain area 1e in between contact holes 8.
Furthermore, the semiconductor layer is formed with a storage capacity electrode 1f
extending from the drain area 1e. The storage capacity electrod 1f is opposedly
arranged with a capacity line 3b in between the insulation layer 2 being a dielectric
layer to form the storage capacity 70. On the pixel electrode 9a is stacked an
alignment layer 16 composed of a polymer resin of polyimide system so that it is

rubbing-processed in a predetermined direction.

On the other hand, an opposing substrate 20 is arranged with the data lines
6a, the scan lines 3a, and a first light blocking layer 23 in an area opposing to the
TFT 30 forming area, i.e., a non-display area for each pixel, of the TFT array
substrate. By the first light blocking layer 23, a light incident on a side of the
opposing substrate 20 is not incident on the channel area 1a, the source area 1d,
and the drain area 1e of- the TFT 30. On the first light blocking layer 23, the
opposing electrode (a common electrode) 21 is formed over the front of the
substrate 20. On the opposing electrode 21 is stacked an alignment layer 22
composed of the polymer resin of polyimide system so that it is rubbing-processed

in a predetermined direction.

17
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Furthermore, the liquid »crystal layer 50 is sealed between the element
substrate 10 and the opposing substrate 20. Therefore, the TFT 30 applies to the
pixel electrode 9a the image signal supplied from the data lines 6a at a
predetermined timing. A potential difference between the pixel electrode 9a and the
opposing electrode 21 used changes the alignment or order of a molecular
collection of the liquid crystal and modulates light to be capable of displaying

gradation.

As shown in Fig. 3 and Fig. 4, the opposing substrate 21 is arranged with a
second light blocking layer 42 as a picture frame partitioning the display area. The
light blocking layer 42 is formed by the same or other light blocking materials as

those of the first light blocking layer 23, for example.

A real material 41 sealing the liquid crystal into the outside area of the
second light blocking layer 42 is formed beh)veen the element substrate 10 and the
opposing substrate 20. The real material 41 is arragned to approximately
correspond to a contour shape of the opposing substrate 20 to secure the opposing
substrate 20 to the element substrate 10. The real material 41 becomes lack by
remaining in a portion of the center of one side of the element substrate 10 and
forms a liquid crystal injection port 78 for injecting the liquid crystal into a gap

(hereinafter referred to as in the cell) between the element substrate 10 and the

18
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opposing substrate 70 junctioned each other. After injecting the liquid crystal, the
liquid crystal is sealed by a sealing material 89 rather than the liquid crystal

injection port 78.

The outside area of the real material 41 of the element substrate 10 is
arranged with a data line driving circuit 61 and a mount terminal 62 along one side
of the element substrate 10, and a scan line driving circuit 63 along two sides
adjacent the one side. The remaining one side of the element substrate 10 is
arranged with a plurality of wires 64 for connecting between the scan line driving
circuits 63 mounted at both sides of the screen displaying area. Furthermore, at
least one portion of corner portions of the opposing substrate 20 is arranged with a
conductive material 65 for conducting the opposing substrate 20 into the element

substrate 10.

Subsequently, in the liquid crystal apparatus after a junction process as the
characteristics of the present embodiment, the injection apparatus for injecting the

liquid crystal will be described.

In Fig.1, the vaccum chamber 81 is mounted with a pipe 81 and the pipe 81
is connected with a vaccum pump 83 via a valve 82. The vaccum pump 83
exhausts air within the vaccum chamber 1 via the pipe 81 and the valve 82 to make

the inside of the vaccum chamber 1 into vaccum state. The valve 82 performs the

19
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suction from the vaccum chamber 101 by the vaccum pump 83 and maintains a
vaccum degree within the vaccum chamber 1, and simultaneously, sends air into

the vaccum chamber 101 by open state to release the vaccum state

Within the vaccum chamber 101 is mounted with a support bar not shown
and on the support bar is mounted with the processed liquid crystal apparatus 92
which is capable of being adhered through the same constitution as that of Fig. 4.
The vicitnity of the liquid crystal injection port 78 of the mounted liquid crystal
apparatus 72 is arranged with a leading end of a nozzle 76. Other end of the nozzle
is communicated with the outside of the vaccum chamber 101 to connect to the

valve 75.

The valve 75 maintains the vaccum degree in the vaccum chamber 101 in a
closed state and supplies the liquid crystal supplied via the pipe 74 connected to

the other end to the vaccum chamber 101 via the nozzle 76.

In the present embodiment, other end of the pipe 74 is inserted-through into
the liquid crystal vessel 90 via the packing 70. The liquid crystal vessel 90 is filled

and sealed with a sufficiently defoamed liquid crystal 71 without exposing to air.

The liquid crystal 90 is constituted liquid-tightly and air-tightly to have
sealing capability and is preferable to have a deformable flexibility (internal volume

variability) by a pressure from the external, etc. for example, to use a flexible pack

20
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such as Teflon pack, and the like. An example of the flexible pack is to have
resistant against the liquid crystal. The opened aperture which is mounted to the
packing 79 of the liquid vessel 90 is arranged with the pipe 74 to allow air and liquid
inside and outside of the liquid crystal 90 to be sucked and discharged only through

the pipe 74.

In the present embodiment, for example, the liquid crystal vessel 70 is filled
with the liquid crystal in the vaccum chamber not shown. In other words, the liquid
crystal filled in the vessel not shown and the liquid crystal vessel 90 leave in the
vaccum chamber not shown. The vaccum degree increases gradually by
discharging air. As a result, the liquid crystal in the chamber of the vaccum state is
defoamed. A sufficiently defoamed liquid crystal is filled in the liquid crystal vessel

90 under vaccum ambient in the vaccum chamber.

Furthermore, the vaccum degree in filling the liquid crystal to the liquid
crystal vessel 90 is preferable to set higher than that in injecting the liquid crystal

into the vaccum chamber.

By doing this, the liquid crystal vessel 90 filled with the liquid crystal is
inserted into the external vessel 72 and the pipe 74 is inserted into the liquid crystal
vessel 90 from the packing 79. The external vessel 72 is rigid and can suck air, for

example, N2 gas, etc.via the pipe 80 to elevate the pressure in the external vessel

21
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73. The internal volume changing means is constituted of the external vessel 72.

Subsequently, the action of the present embodiment constituted described
above will be described referring to Fig. 6 and Fig. 7. Fig. 6 is a flowchart showing a
panel assembling process and Fig.7 is a flowchart showing a liquid sealing-in and

sealing process in Fig. 6 more specifically.

Firstly, the panel assembling process will be described referring to Fig. 6.
The element substrate such as the TFT substrate, etc. and the opposing substrate
20 are manufactured separately. The element substrate 10 and the opposing
substrate 20 is prepared in steps S1, S6 and polyimide (PI) being the alignment
layers 16, 22 is then applied in steps S2, S7. The rubbing proceés is then
performed for the alignment layer 16 on the surface of the element substrate 10

and the alignment layer 16 on the surface of the opposing substrate 20 in steps S3,

S8.

A process removing foreign materials attached on the surface of the
alignment layers is then performed for on the sufaces of the element substrate 10
and the opposing substrate 20 in steps S4, S9. If the foreign materials removing
process is completed, a real material 41 (see Fig.3) is formed. The element
substrate 10 and the opposing substrate 20 are then junctioned in step S10 and

they are aligned and pressed in step S11, therby curing the real material 41. Finally,

22
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the liquid crystal is sealed-in from the notch prepared in a portion of the real

material 41 and the notch is closed to seal the liquid crystal in step S12

As shown in Fig. 7, in the liquid crystal sealing-in and sealing process, the
sufficiently defoamed liquid crystal is first filled in the liquid crystal vessel 90 in the
vaccum chamber under vaccum ambient having a sufficiently high vaccum degree,
in steps S21, S22. The packing 79 is attached to the liquid crystal vessel 90 filled

with the liquid crystal and the liquid crystal vessel 90 is sealed.

The liquid crystal vessel 90 is then inserted into the external vessel 72 and
the pipe 74 is inserted into the liquid crystal vessel 90 from the packing 79, in step
$23. In this case, for example, by slightly deforming the liquid crystal vessel 90, the
pipe is mounted to prevent air from being mixed with the liquid crystal vessel 90

and the valve is closed in state which the liquid crystal is fully filled in the pipe 74.

The valve is then communicated with the pump 83 and the pump 83
reduces the pressure in the vaccum chamber, in step S24. The inside of the
vaccum chamber 101, the inside of the cell of the liquid crystal apparatus and the
inside of the tube of the nozzle 76 become vaccum state. If the inside of the
vaccum chamber 101 is reached a predetermined vaccum degree, the vaccum

state in the vaccum chamber 101 is maintained by the valve 82.

The liquid crystal vessel 90 is then pressed in step S25. In other words, N,

23
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gas, etc. sends to the external vessel 72 via the pipe 80 and presses the inside of

the external vessel 72.

Therefore, the pressure applied to the external surface of the liquid crystal vessel
90 is high. The valve 75 is then open and the liquid crystal 71 discharged by the
deformation of the liquid crystal vessel 90 is dropped into the vaccum chamber 101

via the pipe 74 and the nozzle 76.

The liquid crystal 77 dropped from the leading end of the nozzle 76 closes
the liquid crystal injection port 78 of the liquid crystal apparatus 92. In this state, the
valve 75 is closed and the valve 82 is open to introduce air into the vaccum
chamber 101 and return the pressure in the vaccum chamber 101 into atmosphere
pressure, in step S27. As a result, the liquid crystal 77 is injected into the inside of
the cell from the liquid crystal injection port 78 by the differential pressure inside

and outside of the cell of the liquid crystal apparatus 92, in step S28.

If the injection of the liquid crystal is completed, in final, the liquid crystal
injection port 78 is applied and then cured with a sealing material to seal the inside

of the cell of the liquid crystal.

In the embodiment described above, the liquid crystal dropped into the
vaccum chamber 101 is fully defoamed, not exposed to air, and is filled in the liquid

crystal vessel 90. Also, by deforming the external of the liquid crystal vessel 90. The

24
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liquid crystal 90 in the liquid crystal vessel 90 is supplied to the vaccum chamber
101 and the defoamed liquid crystal is dropped into the vaccum chamber 101
without contacting with air. Therefore, the gas components are nearly not mixed
with the liquid crystal dropped into the vaccum chamber 101 to prevent the
generation of the foams when dropping the liquid crystal and prevent the air bubble
generated by the foams from being sealed into the liquid crystal panel.
Acccordingly, the display degradation of the liquid crystal panel, etc. can be

prevented.

Furthermore, unlike the prior art that it supplies the liquid crystal into the
vaccum chamber 101 by directly pressing the liquid crystal with gas as in a
conventional example, the defoamed liquid crystal is dropped into the vaccum
chamber 101 without not exposing to air to prevent the gas components from being
mixed with the dropped liquid crystal, thereby preventing the generation of air

bubble in the cell of the liquid crystal.

Moreover, since the foams are not generated when dropping the liquid
crystal, it can prevent the liquid crystal components from being spread into the
vaccum chamber 101 when dropping the liquid crystal so that the inside of the
vaccum chamber cannot be contaminated. As a result, the manufacturing vyield of

the liquid crystal apparatus can be enhanced.

25



10

15

In addition, in the present embodiment, although it is described that the
liquid crystal is filled in the liquid crystal vessel 90 in the vaccum chamber 101, for
example, after defoaming the liquid crystal, the liquid crystal vessel 90 dips into the
liquid crystal so that the sufficiently defoamed liquid crystal can fill into the liquid
crystal vessel 90 and then seal it without not exposing it to air. In other words, if the
sufficiently defoamed liquid crystal  is sealed-in to prevent air from being entered
into the liquid crystal vessel 90, it is not necessary to fill the liquid crystal into the

vaccum chamber.

However, the gas components is easy to be mixed with the liquid crystal
and even in case the liquid crystal is under vaccum ambient, if the gas components
are mixed-in according to the vaccum degree, the vaccum degree when filling the
liquid crystal into the liquid crystal vessel 90 is preferble to set higher than that
when dropping the liquid crystal into the vaccum chamber 1. Therefore, the liquid
crystal vessel 90 is filled with the fully defoamed liquid crystal to prevent the
generation of the air bubble by the gas components under vaccum ambient when

dropping

Furthermore, in the present embodiment, although it is described that the
liquid crystal vessel 90 using the flexible pack is pressed and deformed from the

external by N3 gas, it may use any gases other than N, gas and deform the liquid

26
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crystal vessel 90 by liquid or solid rather than gas. In other words, if there can
change the internal volume of the liquid crystal vessel 90, any methods can be
used. Moreover, the liquid crystal apparatus received in the vaccum chamber 101
may mount a plurality number of zigs such as a pallet, etc. to inject the liquid

crystal.

[Effect of the Invention]

According to the invention as described above, the invention has an effect
that the gas components are not mixed with the liquid crystal when sending out the
liquid crystal into the vaccum chamber to prevent the generation of air bubbles in

the liquid crystal panel and the contamination in the liquid crystal chamber
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[Description of Drawings]

Fig. 1 is an explanation diagram for showing one embodiment of a liquid

crystal injection apparatus of the invention.

Fig. 2 is an equivalent circuit diagram of different elements, wirings, etc. in a

plurality of pixels forming a pixel area of the liquid crystal apparatus.

Fig. 3 is a plan diagram for showing an element substrate such as TFT
substrate, etc. along with each of the components formed thereon, through the

opposing substrate.

Fig. 4 is a cross section diagram taken along the line H-H’ in Fig. 3 about
the liquid crystal apparatus after completing an assembling process which junctions

an element substrate to an opposing substrate and seals-in the liquid crystal.

Fig. 5 is a cross section diagram for showing the liquid crystal apparatus in

detail.
Fig. 6 is a flowchart showing a panel assembling process.

Fig.7 is a flowchart showing a liquid sealing-in and sealing process in Fig. 6

more specifically.

Fig. 8 is an explanation diagram for showing a conventional example.
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